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ABSTRACT

Previously published results on aluminum-base alloys and steels showed that
accurate prediction of yield stress and ultimate tensile stress was possible
from hardness data. The present study was undertaken to see if the relation-
ships were also obeyed by titanium-base alloys. The intention was to permit
exploitation of the economic advantages which would result from a saving in
machining cost and in testing time, if the Judicious use of hardness testing
were to provide data approximately equivalent to that obtained by tensile test-
ing.

Rockwell hardness and tensile data obtained in an earlier study on three
titanium base alloys (Ti-13V-11Cr-3Al, Ti-5A1-2.5Sn and Ti-6A1-LV) h.ve been
augmented with Meyer, Vickers and Knoop hardness measurements. The tensile
data have been analyzed to give the work hardening coefficient. n and this has
been correlated with (a) the ratios of both yield stress o, and ultimate tensile
stress o, to Vickers hardness H,; (b) the Meyer hardness coefficient m; and
(¢) uniform elongation. The correlations involving (a) and (b) above did not
follow the expected behavior.

An attempt was also made to estimate points along the tensile curve from
Meyer hardness data..  The agreement was only moderately good for the Ti-13V-
11Cr-3A1 alloy, and was poor for the other two alloys. After further analysis
of the data, the breakdown of the correlation was sttributed to a different
deformation mechanism, presumably micro-twinning, occurring during hardness
testing from that prevailing during tensile testing. This effect also expleins,
for the materials in the present study, the breakdown of both (i) the relation-
ship between m and n, and (ii) the relationships which involve stress/hardness
ratios.
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ILLUSTRATIONS

Predicted relationships between the stress/Vickers hardness ratio,
the work hardening coefficient, and the Meyer hardness coefficient
according to Egs. 1, 3, 5 and 6.

Indentations made with a 2 mm diameter ball in two of the alloys,
showing the occurrence of artifacts similar in appearance to de-
formation twins. x300
(a) Ti-13V-11Cr-3Ai

(b) Ti-5A1-2.5Sn

Experimental stress/Vickers hardness ratios as a function of work
hardening coefficient. The relationships predicted by Eqs. 1, 3
and 5 are shown. (For key to data symbols, see 18).

Experimental stress/Vickers hardness ratios as a function of Meyer
hardness coefficient. The full lines indicate the relationships
predicted by combining Eqs. 1 end 5, in turn, with Eq. 6. The
filled symbols are for UTS/hardness and the open symbols are for
yvield stress/hardness. The key identifies the symbols used in
Figs. 3 through 8.

Comparison of true stress-true plastic strain curves with
converted Meyer hardness data plotted according to Eqs. 8
and 9 for a typical specimen of each alloy:

(a) Ti-13V-11Cr-3A1 (3375)

(b) Ti-5A1-2.55n (3239)

(c) Ti-6A1-LV (3L61)

Uniform strain plotted against work hardening coefficient. Note
that, while the full line refers to total strain, all the data
points and the dashed lines refer to true plastic strain.

(a) Uniform strain data derived directly from the chart record.
(b) Univorm strain derived by means of Considire's construction.

Yield and ultimate tensile stresses and Rockwell "C" hardness as
a function of billet preheat temperature, after Gurney and Male®,
Vickers hardness, determined in the present study, is also
incorporated.

(a) Ti-13V-11Cr-3Al

(b) Ti-SA1-2.5Sn

(c) Ti-6A1-kv

Comparison of ultimate tensile stress/hardness correlations from
the present work with those of Hickey?. The lines represent the
relationship(s), and t two standard deviations, given by Hickey.
(a) UTS vs. Vickers hardness.

(b) UTS vs. Rockwell "C" hardness.
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I INTRODUCTION

Indentaticn hardness testing provides a simple technijue for feollowing
changes in strength resulting from metal processing. However, due to the com-
plexity of the deformation around an indentation, no universal linear conversion
exists relating a single hardness value to either yield strength or ultimate
tensile strength. Tabor! has derived a single conversion factor, but the flow
stress estimate obtained is that appropriate to about 8% engineering strain;
hence the conversion is of limited value. More complex formulaelaz, although
somewhat unwieldy, have application where tensile data are required, but where
tensile testing is impossible, impractical or undesirable. Typical applicat-
ions for these formulae might include room temperature testing of hot-torsion
tested rods in the laboratory or the non-destructive estimation of the strength
of castings, since in these situations tensile testing would be impossible. A
further use would be for laboratory tests where economy of time or material are
required such as in screening tests in studies of the effects of process vari-
ables on mechanical properties. It was this latter application,with a view to
achieving cost savings, which prompted the present investigation.

In a tensile test, not only is information obtained about strength, but
also about elongation. While it appears that hardness testing cannot differ-
entiate between brittle and ductile metals, it has been suggested that an in-
dication of ductility can be obtained, in some cases, in the form of an estimate
of uniform elongation3,“, The present study was undertaken to check if expected
strengtn/hardness/ductility relationships were obeyed for titanium base alloys.
A beta alloy (Ti-13V-11Cr-3Al), an alpha alloy (Ti-5A1-2.5Sn) and an alpha-beta
alloy (Ti-6A1-4V) were evaluated. .

1.1. Stress/Hardness Relations

Tabor! has shown that, for steel and a variety of other metals, the ratio
of the UTS 9 to the Vickers hardness Hv is given by

Ju = (i-n) [1i.Sn]“ (1)
-n

where n is the work hardening coefficient. The latter quantity is obtained
from the slope of a log-log plot of true stress o vs, true strsin e, as implied
in the relation

¢ = Ke" (2)

where both K and n are constrats. Tabor suggested that, while a numerical fac-
tor of 2.9 in. Eg. 1 was appropriate to steel, a value of 3.0 applied toc copper.
Cahoon et al.? maintained that a numerical factor of 3.0 was appropriate to
steel, btrass and aluminum, i.e.,

[}




Ju _ (1-n) [12.5n]“ (3)

i ~ 3.0 1-n

v

It should be noted that Egs. 1 and 3 relate hardness to ultimate tensile
stress. However, a relationshin between the yield stress o_ and Vickers hard-
ness H has been given by Cahoon et al.2 y

% = (0.1)" ()
Hv 300
Taking logarithms gives
log (oy/Hv) = -n - log 3.0 (5)

As this relationship has been applied successfully to a variety of materials,
including aluminum alloys and some steels? , it may have universal application.
If so, then different materials, each with a range of values of the work hard-
ening coefficient n, shculd all give data lying on the same straight line, of
slope - 1 and intercept - log 3.0 on the log (o /H ) axis, when plotted accord-
ing to Eq. 5.

Where stress-strain data are not available, the work hardening coefficient
may usually be estimated from the equation

= (m-2) (6)

where m is the Meyer hardness coefficient. Eq. 6 has been shown to be true
theoretically, and its validity has been demonstrated for a variety of materials!
The quantity m is obtained a3 the slope of a log-log graph of load W vs. indent-
ation diameter § for a spherical indenter. These quantities are related by the
equation

W= K" (1)
where X' and m are constants.

The relationships given in Egs. 1, 3 and 5 are depicted in Fig. 1 where
the range of n values covers that from hardened (n <0.1) to fully annezled
(n = 0.5) materials. The corresponding range of m values, according to Eq. 6,
is alsc shown. Thus it should be possible, by suitable analysis of a series of
herdness indentations, to estimate both yield stress and UTS.

n



1l.2. Derivation of Stress-Strain Curves from Hardness Data

According to equations given by Taborl, points along & stress-strain curve
may be estimated by evaluation of equivelent stress and strain for a series of
indentations made at different loads with a spherical indenter. The relevant
equations are :

'y H /2.8 = (WW/mD?)/2.8 (8)

€ = 0.26/D (9)

where ¢ and € are the stress and strain estimates for a Meyer hardness H - §'is
the diameter of the indentation’ produced by a ball of diameter D under an

applied load W. Application of these two equations will be discussed in more
detail later. S5

133 Estimatibn of Ductility from Hardness Data

One further relationship 1s worthy of note, 3ince it may provide a means
of estimating uniform elongation from hardness measurements”. For metals which
obey Eq. 2, it has been shown that the true strain to the ultimate tensile load
should be numerically equal to the work hardening coefficient3, i.e.

= ®»
Eu n (10)

Here ¢ 1is the total (i.e. elastic plus plastic) strain occuring during stable
flow, Before the load instability of necking. Incorporation of Eq. 6 gives

€, = (m - 2) (11)

which suggests that estimation of uniform elongation from hardness data is
possible. The application of this equation will be considered in greater detail
later. In an alternative method due to Boklena, uniform elongation is correl-
ated with the height of the material piled up around an indentation. However,
this technique is not considered further in the present work.

# The derivation of this relationship is given in Appendix 1.
It is of interest to note that a similar equation involving the equivalent
engineering strain eu'has been given by Tabor! viz., e, = n/(1-n).




II EXPERIMENTAIL

The alloys used in this study were the subject of an earlier investigatione.

In that study, three titanium~base alloys were extruded at a rangs of tempera-
tures and either zooled in sir or water quenched. The extruded material was
then subjected to an aging treatment, Table I. A tensile specimen was machined
from a piece of each bar and Rockwell herdness readings made on an adjacent
plece. In the present study, additionel hardness readings were obtained and
the tensile load-elongation curves were subjected to further sialysis.

Four types of hardness measurement were carried out, normally on transverse
sections:

1) A range of loads was used for Brinell tests with a steel ball cn a
Vickers hardness testing macnine. The data obtained were used (3) to estimate
equivalent stress and strain, as outlined above, and (b) to fit to Meyer's Law,
Eq. T, in order tc determine m. According to Tabor7, the minimum loed required
to give fully plastic deformetion, so that Eg. 7 is obeyed, can be estimated
from a knowledge of the elastic properties of the specimen and the ball indenter,
and the yield stress of the former. For the l-mm ball usad in the present study,
these epproximate lower limits were 21, 11 and 15 kg. for the Ti-13V-11Cr-3A1,
Ti=-5A1-2.5Sn and Ti-6A1-4V &lloys respectively. A load range from 40 to 120 kg
was therefore used; from this data, & series of values of btoth Meyer and
Brinell* hardness was determined. Log~log plcts were drawn up according to
Eq. 7 and values of the slope m were determined. Additional readings were made
with applied losds of 5, 1iC and 20 kg. Data from the four lowest lcads then
gave appropriate equivalent strains, according to Eq. 9, for comparison of the
actual ficw stresses with those estimated from Eq. 8. '

2) Additional Rockwell hardness readings were made using a 1/16 inch dia-
meter ball indenter and standard loads of the F, B and G scales, i.e. 60, 100
and 150 kg. Supplementary weights were a2lso used, and further ncn-standard
hardness recadings taken corresponding to 72.5, 85, 112.5 and 125 kg. icads.
Attempts to obtain straight lines on log-log plots, in order to derive a para-
meter analogous to the Meyer hardness coefficient, proved unsuccessiul. Anong
the plots tried were log (load) vs. log (100-herdness) and log (100 kg + load)
vs. log (100-hardness). However, none of the graphs gave satisfactory straight
lines.

3) Vickers hardness tests were performeé using a 100 kg. load. Three
indentations were made on each specimen.

4) 1In order to try to detect the presence of anisotropy of hsrdness, and
therefore of strength, Knoop hardness tests were performed with the long dia-
gonal lying both parallel and transverse to the axis of the extrusion. However,
there were no significant or systematic differences in the hardness values
obtained in the two directions.

* Since tables were not available for a l-mm ball and loads of 40, 60, 80, 100
and 120 kg., hardness was evaluated by means of a simple computer program.
This program and the data generated are given in Appendix 3.
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Tensile load and displacement data from ihe earlier study6 were converted
L0 true stress and true .train by reading the co-ordinates of a series of
points, and preccessing the data by computer. Since the chart record showed
machine crosshead displacement, cnly the plastic strain could be derived direct-
ly from the data.# An estimate of elastic strain wes made using a value of
Young's Modulus = 16.5 x 105 psi {1.14 x 10° Nm=2), and this was added to the
plastic strain to obtain 'total corrected strain".# The logarithm of this
quantity was used in the log (true stress) vs. log (true strain) plots to deter-
mine the work hardening coefficient, n.

# The simple computer programs, ard the data output, are given in Appendices
4 and 5.



III RESULTS

3.1. Stress/Hardness Ratios and Work Hardening Rates

Analysis of the experimental data showed that several of the relationships
obeyed by other materials did not apply to the Ti-base alloys in the present
study. Typical of the anomalous behavior is the lack of correlation between
the Meyer hardness coefficient m and the work hardening coefficient n (Table II).
Instead of fitting Eq. 6, the data for the beta-alloy show an approximately
constant value of n over a range of m values, while the converse is true for the
other two alloys. The discrepancy between the observed and the predicted be-
havicr results from a difference in the deformation conditions in a tensile and
a hardness test, and may be attributable to a difference in deformation mechanism,
as suggested by Lenhart® for Mg and some Mg-base alloys. In his study, Lenhart
observed deformation twins on the faces of the hardness indentations. In the
present work, twins were not observed. However, features resembling twins were
seen on the faces of some indentations. They were attributed to defects on the
surface of the ball indenter since they occurred in corresponding locations in
all indentations, Fig. 2.

Values of yield and ultimate tensile stresses, hardness and ratios of stress
to hardness are given in Table II. The correlation of the ratios o /H_ and
ou/H with the work hardening coefficient n also did not follow theyexgected
tPend of Fig. 1; the experimentual data, presented in Fig. 3, show considerable
deviation from the predicted lines. For the beta alloy, the points all occur
at similar values of n and show a wide spread of values of cy/Hv and ou/Hv.

While the spread of the data in Fig. 3 is considerable, deviations from
the predicted straight line representing the yield stress/hardness ratio can be
rationalized if the data are considered according the structure present during
the extrusion pre-heat (see key). The deviations correspond to changes in slope
of the predicted line, and would be represented mathematically by changes in Egs.
4 and 5.

Replotting of the ratios against the Meyer hardness coefficient showed
stronger trends, Fig. 4*, although the data did not fit the relationships ex-
pected from Eqs. 1, 3 and 5. In view of the poor correlation observed, it is
suggested that prediction of yield and ultimate tensile stress from hardness
data alone may be possible only for the beta alloy, although a trend is also
epparent for the alpha-beta alloy.

# It should be noted that, while a ball indenter is used to obtain data for the
Meyer hardness coefficient m, the strength/hardness ratios correlated with m
in Fig. 4 involve the use of Vickers hardness values obtained with a pyramid
indenter. Brinell hardness is unsuitable for the evaluation of these ratios
since it shows some dependence on the size of the indentation, and therefore
on the imposed load. This dependence can, however, be used to advantage, as
discussed in the next section.



3.2. Comparison of Stress-Strain Curves with Hardness Data

In hardness tests carried out using the ball indenter, a range of loads
was used. Therefore, a range of equivalent strain and corresponding stress
values could be derived, according to Eqs. 9 and 8 respectively. Agreement
between these derived data and the values of true stress, read from slress vs.
plastic strain curves, was poor. In every case the converted hardness lata fell
below the tensile data, and this was more marked in the alpha and alpha-beta
alloys than in the beta alloy. Typical data are shown in Fig. 5. Thus, Tabor's
claim that hardness provides a reliable measure of the shape of that part of
the stress/strain curve which lies within the first 25% of strain?, is not
applicable to the alloys used in the present study. In order to adjust the
converted hardness data to be of similar magnitude to the tensile data, the
divisors required would be ~ 1.3 for the alpha and alpha-beta alloys and v 2.h
for the beta alloy, rather than the 2.8 of Eq. 8%.

3.3. Correlation of Uniform Elongation with m and n.

In order to check the validity of Egqs. 10 and 11, uniform elongation was
determined from the chart record and converted to true (plastic) strain.. Since
the elongation to peak load could not be determined unequivocally, & range of
strain was obtained from each chart, as shown in Table II and in Fig. 6a, where
the data are plotted against the work hardening coefticient n. More precise
determination of the strain to peak load was obtained by the use of Considére's
construction which required plots of true stress vs. engineering strain
(see Ref. 5)*. The corresponding true strain values are plotted in Fig. 6b.

It should be noted that, while the data points refer to plastic strain, Eg. 10
refers to total strain. A correction was therefore made by determining the
mean UTS from the data for each alloy and subtracting the corresponding esti-
muted elastic strain to give the dashed lines in Fig. 6. It can be seen that
the data fit the predicted relationship reasonebly well so that, to a first
approximation, Eq. 10 is obeyed. However, the corresponding expressioun which
incorporates the Meyer hardness coefficient m (Ea. 11) did not fit the predicted
expression as a consequence of the breakdown of the relationship between m and n
(Eq. 6) discussed earlier. As the experimental data showed considerable scatter,
no well-defined trends are apparent and no correlation of the two variables is
possible. Hence prediction of uniform struin by this method does not appear
possible for the three materials studied.

* See Appendix 3 for a listing of these ratios, evaluated for each hardness
indentation after applying Eqs. 8 and 9.

+ See Appendix 2 for a derivation of the relevant equation.
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IV DISCUSSION

4L.1. Estimation of Strength from Hardness Data

As the data in Table II and in Fig. 5 show, estimutes of stress and strain
according to Eqs. § and 9 do not give a good approximation to the stress-strain
curve obtained in a tensile test, particularly for the alpha and alpha-=beta
alloys. The origine ot the discrepancy, and the consequences of it, merit a
closer examinatioa and this will now be presented.

It should be noted that Eqs. 8 and 9 were derived empirically by Taborl,
al“hough they have been verified by comparison of hardness data with both com-
pressive 1,8 and tensile? curves. If the converted hardness data presented in
Fig. 5 is re-plotted according to Eq. 2 (o = KeP), apparent values of the work
hardening coefficieat n can be derived. Such an analysis yields values of
approximately wnity for (b) and (c) and approximately one third for (a).
Several points of interest arise from this observation.

i. These apparent values of n do not agree with those derived from the
tenzile data.

ii. Evzn for an annealed material, n values greater than approximately 0.9
de not occur. Thus, during harduess indenting, two of the materials
in the present svudy have apperent work hardening coefficients higher
than that obtained, even in soft meterials, durin% deformation by
slip. This lends support to Lenhart's suggestion®, mentioned in
section 3.1, that a different defcrmetion mechanism is occurring in
each type of test. The converted hardness data in Figs. 5b and Sc lie
approximately on straight lines which, when extrapolated, pass through
the origin. The data are somewhat similar to those of Mote and Dorn!l
who determined that the high rate of work hardening was associated
with the cccurrence of twinning in magnesium single crystals and bi-
crystals tested in tension. It should be noted, too, that in Fig. 5
the converted hardness values all lie below the tensile curves, and
this is also consistent with the suggestion that twinning occurred
during hardness indenting.

iii. As a consequence of ii above, Eqs. & and 9 may nct be wvalid, and the
apparent stress and strain derived by their use may not have any
physical significance. If this is true, then the precise values of
the apparent worx hardening coefficient n are not valid, although it
is ccnsidered likely that, at least qualitatively, their magnitude has
some significance.

iv. Eg. 6 (n = m=2) is still not cbeyed by the new data; while the n values
obtained from the tensile curves are toc low, the apparent values ob-
tained from the converted hardness data are too high. In the light of
iii above, this is not surprising.



v. If the n values corresponding to tensile and hardness testing are
different, as suggested above, then this invalidates the derivation
of Egs. 1 and 3 (on Page 107 cf Ref. 1) and of Eq. 4 (Ref. 2), both
for the alloys in the present study and for other materials vhich
show different werk hardening behavior in tension and in hardness tests.
The reason for the deviation from the expected behavior in Fig. 3 is
therefore apparent.

At the present time, no alternative general hardness/strength convertion relat-
ionship is available for the materials which show this anomalous behavior.
Instead, specific equations or relationships may be derived for each alloy.

Thus, use of the dashed lines in Fig. 4 would permit convertion of hardness

data for the heta and possibly the alpha-beta allcy for the limited range of
Meyer hardness coefficients covered in the present study. The alternative is

to accept a single converiion factor or a linear equation as discussed in section

Lok,

L,2. Variation of Strength and Hardness with Processing Temperature.

Since hardness is commonly used to monitor the influence of processing on
mechanical properties, it is instructive to compare hardness values with both
yield and ultimate tensile stresses for a range of processing conditions. 1Ia
Fig. 7, strength and Rockwell hardness data from Gurney and Male® are shown
plotted against billet pre-hest temperature; Vickers hardness, determined in
the present study, is also given. The changes in hardness do not follow the
strength changes exactly but show & variation in the ratio of strengch to hard-
ness with specimen history. Thus it is clear that a single hardness determin-
ation does not necessarily give a reliable measure of strength.

In addition to the variaticn of the yield stress/hardness ratio with the
work hardening coefficient n, a .ependence of the data on the structure during
processing, and therefore on the room temperature microstructure, is apparent
for the Ti-5A1-2.5S8n alloy, Fig. 3. However, the present study provided
insufficient data to determine exactly the extent of the deviation from the
predicted relationship.

4.3. Uniform Elongation, Work Hardening Coefficient and Meyer Hardness
Coefficient.

The experimental data in Figs. 6a and 6b show thet Eq. 10, relating uni-
torm strain ¢y and work hardening ccefficient, is obeyed. The agreecment is,
however, only approximate and has been investigated only over a limiled range
of the work hardening coeffticient n. It should be emphasized that the data
were all obtained from tensile test curves, and therefore the results cannct
be applied *o a2 hardness study nlone unless an estimate of n can be obtained
from hardness data, i.e. unless Eq. 6 is obeyed. For the three titanium alloys
in the present study, the relaticnship between work hardening coefficient n
and Meyer heardness ccefficient m of Eq. 6 is not obeyed, as discussed above.
Therefore Eq. 11, which depends on it, and which relates ¢, and m, is also
nct obeyed. The behavior of the present alloys is unusual since Eq. 6 has been




shown to be valid for & variety of materialsl’z, including both 658 aluminum
alloy and 1040 steel in which a range of strengths was obtained either by ccld
working or by heat treatingz.

L.4, Comparison with Previous Work.

In Figs. 8a and 8b, the present data are compared with the linear relation-
ships given by Hickey for Ti-base alloys!!. 1In each case, the new data show
substantial agreement with the earlier result:. Almost all the data pcints
lie within the scatter band drawn at } twice the standard deviation quoted by
Hickey. A plot of Vickers hardness vs. Rockwell "C" hardness {not shown) also
gave similar sgreement with the published work.

In the material used in the present study, In contrast to that investigated
by Zarkadeslz, no anisotropy was detected by Knoop hardness measurements. This
is not surprising since, with the exception of two extrusions which were carried
out st 1625°F, the grain structure appeared equiaxeds. Such a structure
indicates that recrystallization occurred either during or immediately after
extrusion, thereby eliminating an elongated hot wecrk grain structure.

In showing deviation from Eq. 8, as discussed earlier, the present results
are somewhat similar to those of Lenhart® on Mg and Mg-Al alloys. Instead of a
divisor of 2.8 in Eq. 8, Lenhart's data would require divisors of ~ 1.5 for Mg
and v 2 for the alloys, in order to adjust the hardness data to have a similar
magnitude to the tensile data. 8ince the divisors appropriate to the alloys in
the present study are ~ 1.3 for the alpha and alpha-beta alloys and ~ 2.4 for
the beta alloy*, once again, the materials are weaker during hardness testing
than expected from the tensile test resuits. Lenhart also carried cut compress-
ion tests and attributed discrepancies between compression, hardness and tension
test results to the occurrence of profuse twinning during compression or hard-
ness testing which gave rise to a lower flowv stress than that expected from the
tensile data. Thus, the nmost reasonable explanation ¢f the anomalous hardness/
stress ratios found in the present study is Lenhart's suggestion of twinning
during herdness testing. ©Since the “wins were not detected by optical obser-
vation, it is possible that microtwinning occurred. Investigetion of this
suggesticn by thin foil electron microscopy is, however, outside the scope of
the present study.

* See Appendix 3.
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V. _CONCLUSIONS

From an analysis of tensile and hardness data for the three titanium-base
elloys, Ti-13V-11Cr-3Al, Ti-5A1-2.5Sn and Ti-6A1-LV, the following conclusions
can be drawn:

1)

2)

5)

A unique correlation between both of the stress/hardness ratios o_/H
and ou/HV and the Meyer hardness coefficient m has been shown to
exist for the Ti-13V-11Cr-3Al1 alloy; the relationships are not those
predicted by the theoretical formulation of Tabor or Cahoon, but do
permit the estimations of o, and oy from hardness data for this alloy.

Uniform elongation in tension was found to be approximately equal to
the work hardening coefficient n; however, it did not correlate well
with m. The expected relationship between m and n, viz n=(m-2) was

not obeyed by any of the alloys.

The breskdown of the m-n relationship is attributed to <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>